Introduction
Srinivasa Ramanujan, hailed as one of the greatest mathematicians of this century, left behind an incredibly vast and formidable amount of original work, which has greatly influenced the development and growth of some of the best research work in mathematics of this century. He was born at Erode, on Dec. 22, 1887. There were no portents to indicate that he would, in a short life-span of 32 years 4 months and 4 days, become comparable to the all-time great Euler, Gauss and Jacobi, for natural genius.
There are two aspects of interest to biographers and mathematicians regarding Ramanujan: his life and his work. Mathematicians, who are interested in his work, have to contend with not only his publications in journals which are precise and profound, but also with his Notebooks which are a treasure house of intriguing results stated without proofs and lacking perspective with contemporary mathematical work. Those who attempt to write biographic articles on Ramanujan have to surmount the time barrier to reconstruct a story from all the indirect information accessible and to them, Hardy on Ramanujan [1] is akin to Boswell on Samuel Johnson. The challenge to the mathematicians who work on any of his thousands of recorded results, which are still shrouded in mystery, is to prove the same with what was accessible to Ramanujan in those days in the form of books and publications. While the individual writer's perception of Ramanujan will depend upon his/her background and imagination, the task of the mathematician is perhaps unenviable, in comparison.
Anyone who ever heard of Srinivasa Ramanujan and reads the compelling ragsto-intellectual-riches story of Ramanujan contained in the two Notices, one by G.H. Hardy and the other by Dewan Bahadur R. Ramachandra Rao and P.V. Seshu Iyer, published in the Collected papers of Srinivasa Ramanujan [2] , would be moved by the achievements of the unorthodox mathematical genius under adverse circumstances. The lack of formal education, lack of appreciation and a job, in the beginning of his career and ill health during the last few years of his life, did not prevent him from being creative in Mathematics. This is indeed something not easy to comprehend, for often one would buckle under similar trying circumstances. In these lectures, I will present an account of his romantic life, provide a few glimpses into his mathematics and relate the increasing interest in his work and its relevance even today.
Formal education
Ramanujan's father, Mr. K. Srinivasa Iyengar, was an accountant to a cloth merchant in Kumbakonam. His mother was Komalattammal and Erode was her parental home. He was the first of three sons to his parents. Very little is known about his father and not even a photograph of his seems to be available. His mother was convinced of the greatness of Ramanujan and she zealously protected and projected his interests all through his life. She is portrayed as a shrewd, cultured lady and her photograph is available in some books on Ramanujan.
Ramanujan was sent to Kangeyam Primary School in Kumbakonam at the age of seven. During his school days, he impressed his classmates, senior students and teachers with his extraordinary intuition and astounding proficiency in several branches of mathematics -viz. arithmetic, algebra, geometry, number theory and trigonometry. In later years a friend of his, C.V. Rajagopalachari, recounted the following incident ( [3] , p.83) which happened when Ramanujan was in his third form: In an arithmetic class on division, the teacher said that if three bananas were given to three boys, each boy would get a banana. The teacher generalised this idea and said that any number divided by itself would give one. Ramanujan asked:
Sir, if no banana is distributed to no student, will everyone still get a banana ?
Another friend who took private tuition from Ramanujan also recalled [4] that Ramanujan used to ask about the value of zero divided by zero and then answer that it can be anything since the zero of the denominator may be several times the zero of the numerator and vice versa and that the value cannot be determined. He stood first in the Tanjore District Primary Examinations held in November 1897, and this entitled him to a half-fee concession in the Town High School at Kumbakonam, where he studied from 1898 to 1903, until he passed the Matriculation Examination of the University of Madras (1904) .
At the age of 12, Ramanujan is said to have worked out the properties of arithmetical, geometrical and harmonic progressions. Once a senior school student [3] , posed to Ramanujan, who was in the fourth year at school, the following problem: Ramanujan's immediate reply to this questionn-which was expected to be tackled by only a sixth year student -that x = 9 and y = 4, won for him a friend who in later years took him to the collector of Nellore 1 .
The senior mathematics teacher of the school, Ganapathy Subbier, had such confidence in Ramanujan's ability that year after year he entrusted Ramanujan with the task of preparing a conflict free time-table [5] for the school, which had about 1500 students and 30 or more teachers. Ramanujan won prizes for his outstanding performance in mathematics and mastered Loney'sTrigonometry, Part II, in his fourth year at school. He won many prizes [6] in his second, fourth and sixth years at High School.
To augment the family income, Ramanujan's mother took in a couple of students from Tirunelveli and Tiruchirapalli as boarders. Noticing Ramanujan's precocity in mathematics these undergraduate students are purported to have given him an elementary introduction to all branches of mathematics. In 1903, through these friends from the Kumbakonam Government College, Ramanujan obtained G.S. Carr's: A Synopsis of Elementary Results, a book on Pure Mathematics, which contained propositions, formulae and methods of analysis with abridged demonstrations, published in 1886.
Carr presented in this book 4865 formulae [7, p.3] , without proofs, in algebra, trigonometry, analytical geometry and calculus. This book is similar to the modern day compilations like the It is the considered opinion of many (cf. Kanigel [8] , p.57) that in proving one formula, he discovered many others and thus, Ramanujan laid for himself a foundation for higher mathematics. Also, at about this time, he started noting his results in Notebooks.
The first public recognition of his extraordinary prowess came when he was awarded a special prize -the Sri K. Ranganatha Rao Prize e-at the annual prize distribution ceremony of the Town High School, in 1904, for proficiency in mathematics. Ramanujan passed his Matriculation Examination in 1904 and joined the Government Arts College in Kumbakonam. As a result of his success in a competitive examination in Mathematics and English composition, he secured the Junior Subrahmanyam Scholarship. In the F.A. (First Examination in Arts) Class, Ramanujan had to study English, Sanskrit, Mathematics, Physiology and the History of Rome and Greece. Partly due to his pre-occupation with researches into mathematics, he neglected the study of other subjects. He went to his mathematics lecturer with a number of original and very ingenious results in finite and infinite series. Prof. P.V. Seshu Aiyar exhorted him but advised him not to neglect the study of other subjects. Unfortunately, he did not pass in English and Physiology and hence was not promoted to the senior F.A. class in January 1905. He lost his scholarship. His mother, who played a domineering role in his life, tried to persuade the Principal of the Government Arts College to take note of Ramanujan's extraordinary mathematical ability and appealed for a continuance of the scholarship, but to no avail.
Ramanujan's failure to get promoted to the senior F.A. class marked the beginning of a very trying period in his life. It is not clear what he did in 1905, when he discontinued his studies and spent some months in (the present day) Andhra Pradesh region, when he set out from Kumbakonam, for the first time. He joined Pachaiyappa's College in Madras, in the F.A. class again, in 1906. One of his classmates, T. Devaraja Mudaliar, ( [9] , p.63 and p.65) recalls that the Chief Professor of Mathematics, P. Singaravelu Mudaliar, considered an acquisition by Pachaiyappa's College since he had the reputation of being a very successful teacher for the B.A. class, waited for Ramanujan's assistance to solve difficult problems in mathematical journals. He also recalls that a junior mathematics teacher of the F.A. class, Prof. N. Ramanujachari, allowed Ramanujan to go to the board to show the solutions to the difficult problems in algebra or trigonometry using fewer steps than the ones used by him. Senior students of the B.A. Class also sought Ramanujan's help in mathematics [10] .
Ramanujan who was a strict vegetarian should have abhorred the dissection of the frog in the Physiology classes. Once, to a question on the digestive system, he is supposed to have provided a skimpy answer which he concluded with [11] Another college mate [14] of Ramanujan has stated that during his collegiate years, Ramanujan taught him the method of constructing Magic Squares, the sub-ject of the first chapter of his Notebooks. The interest in this subject dates from his school days and is disconnected from the subject matter of the remainder of the Notebooks. Probably Ramanujan's expertise in preparing the conflict free time tables for his School inspired him to a study of these Magic Squares.
Ramanujan's investigations in continued fractions and divergent series started during this period. His betrothal to nine year old Janaki was in 1908 and his wedding took place near Karur, in 1909. Robert Kanigel [8] , in his biography on Ramanujan, constructs a vivid account of this marriage arranged by his mother Komalattammal, not approved by his father, and dramatizes the foreboding of the impending disaster through the omens preceding the wedding, which was on the brink of being called off due to the late arrival of the bridegroom's party.
During this period he tutored a few students in mathematics and even sought employment as a tutor in mathematics. Disappointed at the lack of recognition, during this trying period, Ramanujan had bemoaned to a friend [4] that he was probably destined to die in poverty like Galileo! Fortunately, this was not to be. Though Ramachandra Rao gave him a patient hearing, he took a few days to look into the Notebooks of Ramanujan. At their fourth meeting, when Ramanujan confronted Ramachandra Rao with a letter from Prof. Saldhana of Bombay appreciating the genuineness of his work, Ramachandra Rao started to feel that Ramanujan's work must be examined in depth by eminent mathematicians. Ramachandra Rao himself states [17] that Ramanujan led him step-by-step to elliptic integrals and hypergeometric series and at last to his theory of divergent series not yet announced to the world and this converted him into a benefactor who undertook to underwrite Ramanujan's expenses at Madras for some time. Mr. Narayana Aiyer was a good mathematician and was a great source of support to Ramanujan [19] in November 1912, to Sir Francis Spring, the Chairman of Madras Port Trust about the very poor accountant who was a most remarkable mathematician and asking him to keep Ramanujan happily employed until something can be done to make use of his extraordinary gifts. As stated before, these efforts resulted in Ramanujan's entry into Port Trust, on March 1, 1912, as a Clerk in the Accounts Department. This may well be considered as the turning point in his career prospects. He held this clerical post for 14 months. His wife joined him during this period and Ramanujan shifted his residence to Saiva Muthiah Mudali Street in George Town. This period also marked the beginning of the appreciation of his scholarship and re-searches in mathematics.
Prof. Griffith wrote to Prof. M.J.M. Hill, of University College, University of London, on Ramanujan's work and he received a reply in December 1912. Unfortunately, Prof. Hill [20] could not find time to study the results. He observed that the book which will be most useful to him is Bromwic ' 
The sums of n terms of these series are: 
The years of fruition
The life of Ramanujan, in the words of C.P. Snow [24] is an admirable story, and one which showers credit on nearly everyone [25] . Ramanujan's first letter [26] Prof. Hardy, the professional mathematician, who was aware that he was the first really competent person who had the chance to see some of his work, found some of the series formulae intriguing, some of the integral formulae (which were classical and known) vaguely familiar and he could prove some integral formulae with effort but these were to him the least impressive. However, some of Ramanujan's formulae wereon a different level and obviously both difficul and deep, which even Hardy [27] had never seen anything in the least like them before and whic he has state 'defeated me completely'.
The following is a record of Hardy's reaction to this historic letter of Ramanujan, in the words of C.P. Snow Ramanujan was initially reluctant to go abroad because of his own caste prejudices 3 in those days which were compounded by the extremely orthodox views of his mother to whom he was greatly attached. At the beginning of 1914, Mr. E.H. Neville, a young mathematician and a Fellow of Trinity College, Cambridge, was in Madras as a visiting lecturer to give a series of lectures on Differential Geometry to Mathematics Honours students of the University of Madras. Mr. Hardy entrusted him with the mission of persuading Ramanujan to visit Cambridge. Mr. Neville met Ramanujan and saw his priceless notebooks. This was sufficient to convince him of Ramanujan's uncommon ability and to make him take over the initiative to overcome all the difficulties in arranging for Ramanujan's visit to Cambridge. Prof. Richard Littlehails, who was a Professor of Mathematics with the observatory in Madras introduced Neville [31] to everyone who carried weight in the University or in the civil administration. Neville, in turn, explained to them the importance of Ramanujan's stay in Cambridge, and urged them to be generous in their support.
In a letter [32] The proposals regarding the scholarship to be granted to Ramanujan by the University of Madras were approved. To the lasting credit of the University of Madras, the Syndicate decided within a week to set aside Rs.10,000/-to offer Ramanujan a scholarship of £250 a year plus £100 for a passage by ship and for initial outfit 4 . At the instance of Professors Neville and Littlehails, Sir Francis Spring wrote [34] 
The limitation of his knowledge was as startling as its profundity. Here was a man who could work out modular equations, and theorems of complex multiplications, to orders unheard of, whose mastery of continued fractions was, on the formal side at any rate, beyond that of any mathematician in the world, who had found for himself the functional equation of the zeta-function, and the dominant terms of many of the most famous problems in the analytic theory of numbers, and he had never heard of a doubly periodic function or of Cauchys theorem, and had indeed but the vaguest idea of what a function of a complex variable was. His ideas of what constituted a mathematical proof were of the most shadowy description. All his results, new or old, right or wrong, had been arrived at by a process of mingled argument, intuition and induction, of which he was entirely unable to give a coherent account.
With such a natural genius, Hardy collaborated and tried to teach, as he wrote, the things of which it was impossible that he should remain in ignorance. It was impossible to allow him to go through life supposing that all the zeroes of the zeta function were real. So I had to try to teach him, and in a measure I succeeded, though I obviously learnt from him much more than he learnt from me [38].
Hardy did not attempt to convert Ramanujan into a mathematician of the modern school but enabled him to go on producing original ideas in his classical mould with rigorous proofs for the theorems he discovered.
The period of Ramanujan's stay in England almost overlapped with the years in which World War I took place. One of the lecturers went to war 6 wrote Ramanujan [39] He was attending a lecture by Mr. Berry at the University on elliptic integrals. Mr. Berry was working out some formulae on the black-board and a glance at Ramanujan's face, alight with excitement, caused him to ask Ramanujan whether he was following the lecture and whether he had anything to say. At this Ramanujan went to the black-board and much to everyones surprise wrote down some of the results which were yet to be proved. This anecdote was recalled by Dr. P.C. Mahalanobis [40] Hardy's letter [42] and official report to the University, as well as an appeal by Sir Francis Spring to the University to continue the assistance extended by it to Ramanujan, made the University (in December 1915) extend the scholarship up to March 1919.
Honours
During his five year stay in Cambridge, Ramanujan published 21 research papers containing theorems on definite integrals, modular equations, Riemann's zeta function, infinite series, summation of series, analytic number theory, asymptotic formulae, modular functions, partitions and combinatorial analysis. His paper entitled Highly Composite Numbers which appeared in the Journal of the London Mathematical Society, in 1915, is 62 pages long and contains 269 equations. This is his longest paper. The London Mathematical Society had some financial difficulties at that time and Ramanujan was requested to reduce the length of his paper to save printing expenses. Five of these 21 research papers were in collaboration with Hardy. Ramanujan also published 5 short notes in the Records of Proceedings at meetings of the London Mathematical Society and six more in the journal of the Indian Mathematical Society.
Ramanujan was awarded the B.A. degree by research in March 1916 for his work on Highly composite numbers and published as a long paper. Ramanujan's dissertation bore the same title and included six other papers. Ramanujan was registered as a research student in June 1914 and the prerequisite of a diploma or a certificate, as well as the domiciliary requirement of six terms must have been relaxed in his extraordinary case. It is unfortunate that a copy of this dissertation is not to be found in the records of the University In spite of the war which was raging, which deprived Ramanujan of the center stage which he would otherwise have held with his brilliant research work in the midst of his peers, the confidence he kindled in Hardy was enough to win for him recognition and laurels very soon, but, unfortunately, the first signs of illness appeared in Ramanujan in the spring of 1917.
Thanks to the unstinted efforts of Hardy, who did his best to get Ramanujan Ramanujan's symptoms were predominantly night-time fever, loss of weight leading to his emaciated looks and these caused depressions which once drove him to the limit of attempting suicide 12 . These symptoms made the doctors consider various diagnosis, at different times: gastric ulcer, malaria, tuberculosis, cancer of the liver, etc. In recent times, with hind sight, vitamin B 12 deficiency (something unknown to the world at that time) has been diagnosed as a possibility [47] . The recovery alluded to by Hardy in his letter to Dewsbury was obviously the reason why Ramanujan was persuaded to return to India, with the hope that he would soon recover and return to take up the Trinity College Fellowship awarded to him for five years.
The beginning of the end
After completing nearly five years at Cambridge, early in 1919, when Ramanujan appeared to have recovered sufficiently to withstand the rigours of a long voyage to India, he left England on 27th February 1919 by s.s. Nagoya. Four weeks later on 27th March he arrived at Bombay and soon after at Madras, thin, pale and emaciated, but with a scientific standing and reputation such as no Indian has enjoyed before. Professor Hardy who expressed this view [48] also hoped that India will regard him as the treasure he is. He urged the University of Madras to make a permanent provision for him to enable him to continue his research work. Again the University rose to the occasion by granting Ramanujan £250 a year as an allowance for five years, commencing from April 1919. He was sent back to India by Hardy with the fond hope that the warmer climate would help complete his recovery from a tubercular tendency.
Most unfortunately his precarious health did not improve, on his return to India. Fevers relapsed and in addition, his wife recalled that he suffered severe bouts of stomach pain too [49] . Ramanujan was subject to fits of depression, had a premonition of his death and was a difficult patient. He spent 3 months in Madras, 2 months in Kodumudi and 4 months at Kumbakonam. When his condition showed signs of further deterioration, after great persuasion, Ramanujan was brought to Madras for expert medical treatment, in January 1920. Despite all the tender attention he could get from his wife who nursed him throughout this period, and the best medical attention from the doctors, his untimely end came on 26th April 1920, at Chetput, Madras, when Ramanujan was 32 years, 4 months and 4 days old. His wife lived with him, after she came of age, only for a year before his departure to England, and looked after him during his illness after his return. Even during those months of prolonged illness he kept on working, though in a reclining position, at a furious pace and kept jotting down his results on sheets of paper. In his last and only letter to Hardy written after his return to India, in January 1920, Ramanujan 13 .
Human qualities
In figure he (Ramanujan) Neville began a broadcast in Hindustani, in 1941, with the declaration :
• Srinivasa Ramanujan was a mathematician so great that his name transcends jealousies, the one superlatively great mathematician whom India has produced in the last thousand years.
Commenting on the quality of the theorem's in the 'Lost' Notebook, Richard Askey says:
• Try to imagine the quality of Ramanujan 
